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(54) Abstract ITtle 

Sinnuitaiieoiis DrilBng and Ca^ng Of Wellbor«s 

(57) A wellbore is drilled by apparatus consisting of a narrow-diameter pilot driil bit (131, fig 1), with an 
under-reamer 415 following to enlarge the wellbore to its final diameter. A steering device 400 lies between the 
drill-bit and the under-reamer 415, and consists of a plurality of force-application members which engage the 
wellbore sides and are controiled IrKlependently of each other to exert a steering force. Further steering 
devices may be Included. The drilling assembly 410 is carried on a wellbore liner 420, which is left In situ when 
the drilling assembly Is removed. The liner 420 may be of an expandable type, in which case the expansion 
tool 425 Is also Integral with the drilling apparatus 410, and is positioned immediately up-hole of the 
under-reamer 415. The drill head may be attached to a coiled tube which doubles as the withdrawal method 
and carries drilling fluid to the drill bit. 
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At least one drawing originally filed was Informal and the print reproduced here Is taken from a later filed formal copy. 
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APPARATUS AND METHOD FOR SIMULTANEOUS DRILLING AND 

CASING WELLBORES 

5 BACKGROUND OF THE INVENTIOM 

1. Field of th^ Invention 

I nis invennon relates generatiy xo oiifieid diiiiing operaiion;? and more 
10 particularly to simultaneous drilling and casing of weilbores with a drill string 
utilizing a liner or casing and a steerabie drilling assembly. 

2. Baqf^ffrofj»^<f Of tt?e Art 

15 In conventional nianner. oil wells (weilbores) are drilled with a drill 

string having a drilling assembly with a drill it at its txsttom, and a tubular 
member (either a jointed pipe or coNed tubing) attached to the artntng 
assembly that extends to the surlace. Once a section of the well has been 
driiied, the driii siring is retrieved to the surface and a casing, which extends 

20 to the surface, is set in the well to protect the open hole. A liner is hung, 
befow the upper casing using a liner hanger connection device, which usually 
includes two threaded connections at its bottom. The iiner is connected to the 
outer thread. The inner threaded connection is used to connect a string 
inside that liner, which string extends below the liner hanger. The next 

25 section of the wellbore is dniled below the first liner and this procedure is 
repeated until the teiescopically declining diameter welltiore is drilled to the 
desired depth. Such drilling methods require tripping the entire drill string out 
of the wellbore for fining each telescopic section of the wellt>ore. 

30 Weilbores are sometimes drilled wherein the liner Itself is employed to 

can7 the drilling assembly. The driiiing assembly used for such operations 
includes a drill bit at the bottom to drill a pilot (small diameter) hole followed 
by an underreamer which enlarges the pilot hole to a size greater than the 
outer dimensions of the iiner. The drilling assembly is retrievably attached to 

35 the finer t>ottom and can be retrieved without retrieving the liner. 



To drill curved holes, the underreamer drilirng assemWies typically use 
a bent housing (also referenced to as a "bent sub") whose attitude is fixed 
either at the surface or downhole, which attitude defines the drilling dlrectlcn. 
Such drill strings are sometimes unable to provide precision directional 
drilling. 

Xho nme«an4 !m/an4ti->r> ■ •. m ^ \,- .... 
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weilbores with liners which allow relatively precise directional control. This 
Invention further provides apparatus and method wherein an expandable liner 
nnay be used during the drilUng process, which liner can ne expanded while 
the drilling assembly is retrieved to the surface, thereby avoiding a secondary 
operation required to expand the expandable liner. 

SUMMARY QF THg l^^^/gMT^ ^t|^^ 

ine present invention provides apparatus and metliod for drilling a 
wellborn wtti a drilling assembly wherein a pflot weiiboi^ section is drilled with 
a bit whidi section is enlarged by a trailing underreamer to the desired size. 
The drilling assembly includes one or more steering sections between the 
underreamer and the drill bit are utilized for maintaining and dianglng the 
drilling direction. Each steering section includes a pluiailty of independently 
adjustable force application devices on a non-rotaHng sleeve. The drilling 
assembly is retrievably attached at its upper end to a liner that will be set in 
the wellbore once at least a section of the wellbore has been drilled. The liner 
may be any suitable tubing including a expandable liner. If an expandable 
ni.=, uoeu, UiBii «ni expansion aevice Qisposed above the unden^amer is 
utilized to expand the liner during retrieval of the drilling assembly to the 
surface. 

The independently adjusteble force application devices provide for a 
relatively precise control of the direction of drilling. A control unit on the 
surface and/or in the drilling assembly contnDls the force applied by each of 
the force applicatron devices In accordance with programmed instaictions 
and/or commands provided from surface. One or more sensors in the drilling 



assembly and at the surfiace provide InfDirnation about various parameters of 
Interest, including the tool face gf the drilling assembly, force applied by each 
application device, arid position of the drilling assembly. The control unit 
Includes an electronic processor (computer, microprocessors and the like) 
and controls tfie operation of the force application device, at least in part, in 
response to or as a funcfion of one or mora parameters, of interest. thei«by 
controlling and/or maintaining the drilling directfon along a desired path. . 

Examples of the more Important features of the Invention thus have 
been summarized rather broadly In order that the detailed description thereof 
that foliouvs may be better understood, and In order that the contributions to 
the art may be appreciated. There ara. of course, additional features of the 
If ivenuon inai wni oe oescnoea neremaner and which will fomi the subject of 
the claims appended hereto. 

BRIEF DESCRIPTION OF THE DRAWIMes 

For detailed understanding of the present invention, references should ^ 
be made to the following detailed description of the prefen-ed embodiment , 
taken In conjunctton with the accompanying drawings, in which like elements 
have been given like numerals and wherein: 

Fisiur«9 i is a scnemanc oiagram or a nonzomai weiioore Deing driHedr. 
with a drilling assembly of the present inventton conveyed by a liner. 

Figure 2 ^ows an example of the application of Independent forces 
on the borehole waU by the drilling assembly of Figure 1 to maintain and 
control the drilling directton. 

Figure 3 is an alternative embodlm^ of the drifilng assembly 
according to the present invention for use with a drilling liner. 



Figure 4 shows an example of the application of independent forces 
on the borehole wall by the drilling assembly of Figure 3 to maintain and 
control the drilling direction. 

Figure 5 shows a drilling assembly that can expand an expandable 
liner as the drilling assembly is Wpped out of the wellbore- 

DETAILED DESCRIPTION QP THg PREFERRED g MBODIlMENT 

Figure 1 Is a schematic diagram showing a drilling system 100 Wtth a 
finer drill string for drilling wellbores according to one embodiment of the 
present invention. Figure 1 shows a wellbore 110 that includes an upper 
section 111 with a casing 112 installed therein, and a lower section 114 
(which is smaller In diameter than the upper section 111) being drilled with a 
liner drill string 118 that includes a drilling assembly 130. The drilling 
assembly 130 Is attached to the bottom end i20b of the Hner 120, which 
extends to a rig 180 at the surface 167. A rotary table 169 or a top drive (not 
siiuwii) may uo utiiiZou to Tototo tnS iinarand thu3 ths driSfng ssccnnbly ISC, 

Alternatively, the drilling assembly 130 may be conveyed ttirough the 
nner 120 via a coiled tubing 171 from a reef (source) 172 at the rig ISO;- The 
rig 180 also includes conventional devices, such as mechanisms to" add 
additional sections to the liner 120 as the wellbore Is drilled, a control unit 
190. including computers for receiving and processing downhole data and for 
controlling operation of the various devices In the drilling assembly 130. A 
drilling fluid from a source thereof 179 is pumped under pressure through the 
liner 120 or through a tuning run insiae tne nner iziu, oucn apparatus anu 
methods are Icnown in the art and are not described in greater detail herein. 

The drilling assembly 130 includes a drill bit 131 at its bottom end for 
drilling a pilot hole 141 (also referred to herein the first or leading section of 
the wellbore) and an underreamer 132 uphole or at>ove the drfll bit 131. The 
undemeamer 132 has cutting members 132a which extend radially farther 
than the drill bit outside dimensions and thus can drill or expand the pilot hole 
to a larger diameter. The undemeamer 132 has a plurality of cutting members 
132a which can be extended outward so tiiat the upper section 142 is larger 



than the drill string and drilling assembly dimensfons. The dimension of the 
upper section 142 is the same, as the dimension of the weilbore 110. This 
provides a weilbore that has a desired annulus 149 between the weilbore 
inside and the drill string 1 1S. 

A steering section or unit 145 between the drill bit 131 and the 
unden^amer 132 provides downhole steering control for drilling weilbore. 110 

A'v* 

relatively precise^ along a predefined or dented well path. * Tiie steering 
section 145 includes a non-rotating sleeve 144 that carries a plurality of 

10 independently controllable steering devices 146. each such device having an 
independently adjustable force applicaifon member 146a that can exert 
desired forces on the weilbore wall* Each steering device 146 may be 
imegraiea inio me non-roiaang sieeve wnen me aner i^u is roiateo 
from the surfece, it rotates the drill bit. but the non-rotating sleeve 144 

IS remains substantially stationary relative to the drill bit rotational speed. The 
sieeve 144 may rotate at a few ipm while the driU bit rotates usually between 
60-200 rpm. The operation of the steering devices is described in more detail 
in reference to Rgures 2 and 4. A control and measuring unit 147 controls 
the operation of each steering device 146. The control unit 147 preferably 

20 includes a hydraulic pump that supplies fluid under pressure to the force 
application members. A separate pump may be utilized for each force 
application device. An electrical motor or another suitable device may also be 
utilized to extend the force application members to exert force on the weilbore 
wall. 

The drilling assembly 130 further Includes a drilling motor (usually a 
mud motor) 149 which is utilized to rotate the driii bit 131 and may also be 
utilized to operate the underreamer 132. The control unit 147 may also be 
used to control the radial extension of the underreamer cutting members 132a 
30 or a separate control unit may be provided. Alternatively, the undeneamer 
132 may have fixed outside dimensions. The dniling assembly 130 is 
detachabiy attached to the liner 120 at an end 120a via a connection device 
152. A variety of connection devices are Imown In the art. Any suitable 
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mechanism may be utilized to attach the driHIng assembly 130 to the liner 
120. In such a configuration . the drilling assembly 130 is pulied out or 
retrieved or tripped out of the wellbore 110 fay a tubing or wireline conveyed 



A colled tubing 171. however, may be used to convey the drilling 
assembly through the liner 120. in such a configuration, the drilling fluid is 
pumped through the colled tubing 171. The mud with the cuttings (rocks 
disintegrated by the drill bit 131 and the undeneamer) may flow through the 
annulus 149. If a coiled tubing is used Insfde the linear, the mud with the 
cuttings may be made to flow through the spacing between the colied tubing 
and the liner inside (not shown). 

The steering unit 145 includes one or more sensors 153 for providing 
s^nals indicative of the borehole inclination. Three axis accelerometers are 
commonly used as inclination sensors. A position sensor is used to 
detennine the posHion of the driUing assembly or driU bit relative to a known 
position. The dritling assembly direction is determined via one or more 
suitable sensors. The drilling assembly 130 also may include atfiy of the 
measurement-while-drilling and fbmiatlon evaluation sensors. SucH sensors 
include, resisth/lty sensors, gamma^y detectton sensois. magnetometera. 
and a variety of other sensors, such as nuclear, acoustic and nuclear 
magnetic resonance sensors. Such sensors are commerciaiiy available and 
are used in drilling assemblies and are thus not described herein. 
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I ne aniiing or tne weiidore 110 will now be described whBe referring to 
Figures 1 and 2. The drill string 118 Is conveyed in the wellbore. The drill bit 
Is rotated by the mud motor (when mud motor is used) and/or by rotating the 
liner 120 from the surface. The drill bit 131 drills the pilot hole of a flrat 
(smaller) diameter. The underreamer cutting members 132a are expanded to 
a desired size, which enlarges the pilot hole to the required wellbore size. To 
alter the drilling direction, the control unit 147 activates one or more of the 
steering devices 146, As shown In Figure 2. each steering device Includes 
an expandable force application member (afso referred herein as a "rib") such 
as the rib 146a. Each expanded rib 146a exerts a predetermined fbrce on the 
wellbore wail 110a. The combination of the amounts of the forces exerted by 
the ribs detenninas the dnil bit direction. In Figure 2, the driinng direction Is 
shown to have been sitared from the prior direction denoted by line or axis 
201 by a degrees to the current direction denoted by the axis 203. 

In one method of the present Invention, the command signals may be 
transmitted or telemetered downhole by the surface control unit 190, which, 
as stated above, preferably Is a computer-based system. The downhole 
steering control unit 147, in response to the command signals, activates the 
specified ribs to apply the predetermined force on the wellbore wail 110a to 
achieve or mafntacn the desired drilling direction. In an alternative method, 
ine aesireo wen pam may oe programmed into a memory unit associated with 
the steering controf unit 147. The control unit 147 then periodically 
detemnlnes the actual drilling direction from the sensors 153» compares this 
direction with the desired well path and causes the various steering devices to 
adjust their respective forces on the weilbors so that the combined effect 
causes the drill bit to drill the wellbore 110' along the prsscribed well path. 
The operating parameters relating to the drilling direction (inclinatfon, azimuth 
etc.) may also be transmitted to the surface where the surface control unit 
190 may be utilized to send control signals to the downliole controller 147 to 
ovenide the actions of the downhole control unit 147. The downhole control 
unit 147 may also t>e reprogrammed by telemetered signals from the surface 
conxroi unn iw. une or more sensors, such as a pressure sensor or 



displacement sensor associated with each rib 146a provides signals 
indicative of the force applied by Its associated rib on the wellbore wall. 
Programs are stored in the downhole control unit 147 to cafcuiate the force 
vector on the drill bit 131. 
5 Thus, in one embodiment of the present invention, the wellbore is 

dniied by a drilling assembly conveyed In the wellbore by a liner (or casing) 

controllable steering unit between a drill bit and an underfeamer, which 
steering unit includes one or more independenfly-controliable steering device 

10 on a non-rotating sleeve for maintaining and altering the drilling direction. 
The steering unit may be self-adjusting or controlled from the surface. The 
method preferably Is closed loop, in that the drilling Is perTcrmed along a 
prescribed well patti and that the drilling direction is altered when the actual 
drilling direction deviates from the prescribed well patii. The drilling assembly 

15 is retrievabiy attached or conveyed into the wellbore without requiring tripping 
out or ine imer. 

Figure 3 shows an alternative embodiment of the drilling assembly 300 
which Is substantially similar to the drilling assembly 130 but includes two 

2u spaced apart steering units 310 and 320. Each such steering unit indudes a 
plurality of steering devices on corresponding non-rotating sleeves 311 and 
321. The steering units 310 and 320 operate in manner described above with 
reference to Figures 1-3. The use of two spaced-apart independently 
adjustable steering units can improve the directional drilling behaviors of the 

25 drilling system 100 of Figure 2. The upper steering unit 320 is above the 
main steering unit 310 and is preferably mounted on a non-rotating sleeve to 
aiiow TU!i seconaary inree aimensionai c^W) control or may oe mouniea on a 
rotating member or sleeve to allow for two dimensional (*'2D'') control of the 
upper steering unit 310. The underreamer 315 Is located above the upper 

30 steering unit 320. Figure 4 shows an example wherein the lower steering 
unit 310 and upper steering unit 320 exert force on opposite sides of the 
borehole wall to achieve a greater turning radius, in the example of Rgure 4, 
the lower steering unit 310 applies force on the bottom side 301a of the 



wellbore 301 (as shown by the arrow 311a) while the upper steering unit 320 
appPies force on the upper side.301b of the wellbore. as shown by the arrow 
3liD. ine nrunipie steering unit configuration allows greater flexibility to 
control and maintain the drilling direction. 

Figure 5 shows an embodiment 410 of the present Invention in which 
an expandable liner 420 Is used. A liner expansion device 425 is disposed 
uphoie of the undeneamer 415. which device is adapted tb expand the 
expandafcde liner 420 as the drilling assembly 400 is retrieved from the 
wellbore. The liner expansion device 425 Includes an outer member 426 that 
is suitable for expanding the liner 420, After the well Is drilled to a taiget 
depth, the drilling assembly 410 is pulled to the surface, the liner expansbn 
Jcvluc: iuii;» uiruuyri irie expandable liner 4zu, Thereby expanding a lo tne 
larger diameter defined by the outer dimensions of the expansion device 42S. 
Any suitable expansion device may be utilized for the purpose of this 
invention. 

Thus, In the present invention, a priot wellbore section is drilled with a 
drSl bit. which is enlarged by a trailing underreamer to the desired size. One 
or more steering sections between the underreamer and the drill bit that., 
include Independentiy adjustable force application devices on one or more 
non-rotaflng sleeves are utilized to maintain and change the drilling direction. 
If an expandable liner is used, then an expansion device disposed above the 
underreamer expanas xne iiner ounng retnevai or me dniung assembly to the 
surface. 

The foregoing description is directed to particular embodiments of the 
present invention for the purpose of illustration and explanation, it will be 
apparent however, to one skilled In the art that many modifications and 
changes to the embodiment set forth above are possible without departing 
from the scope and the spirit of the invention, it is intended tiiat the fbliowing 
claims be interpreted to embrace all such modifications and changes. 



What Is Claimed 1^- 

An apparatus for drilling a wellbore, comprising: 

(a) a Itnsr for casing the wellbore; 

(b) a drill bit at a first end of a drilling assembly for drilling a pilot 
welibore; 

(c) at least one set of a plurality of force appllc^on devices on 
a non-R3tating sleeve of the drfliing as8emt}iy, each said force 
application device Independently openable to exert force on the 
pilot vi^ellbore for controlling direction of drilling of the welibore: and 
{d; an undemeamer disposed uphofe of the at least one set of 
the force application devices adapted to enlarge the pilot welibore 
to produce said welibore when rotated, 

2. The apparatus of claim 1 . wherein said drilling assembly is conveyed on a 
drflllng tubular selecCed from a group consisting of (i) a drtfl siring, and. (II) 
a coiled tubing. 

3. The apparatus of dalm 1. wherein the at least one set of a plurality of 
force application devices further comprises two spaced-apart sets of a 
plurality of force application devices. 

4. The apparatus of ciaim 1. wherein the liner Is iaxpandable. the apparatus 
further con^sing a liner ^(par^ion device that expands the liner when 
said drilling assembly is retrieved from said welibore. 

5. The apparatus of daim l wherein the drilling assembly further comprises 
a drilling motor for rotating the drill bit 

6. The apparatus of claim 1 further comprising a control unit that controls the 
force application devices to exert desired foroe on the pilot welibore. 

7. The apparatus of daim 6 further comprising a program associated with 



said control unit that includes a prescribed wellbore path and wherein the control 
unit controls the force application devices to maintain drilling along the 
prescribed wellbore path. 

a. The apparatus of claim 6 further comprising a sensor providing a measure 
wr o Haiaianslei vf £iriu wTierein me coniTOi unix aajusis me torce applied 

by the force. 

9- A method of dnlllng a waObore comprising: 

(a) conveying a drilling assembly on a drilling tubular Into the 
borehole; 

(b) using a drDi bit conveyed on a first end of the drilfing 
assembly for drilling a pilot wellbore; 

(c) using a plurality of force application devices on a non- 
rotating sleeve of the drilling assembly for independently exerting a 
force on the pilot welit>ore and controlling the direclton thereof; 

(Qj using an unaerreamer atsposed near a second end of the 
drnicng assembly and enlarging the pilot wellbore to produce sard 
wellbore; and 

(e) using a liner coupled to the underreamer for lining said 
borehole. 

10. The method of claim 9, wherein the driliing tubular is selected from a 
group consisting of (i) a drill string, and, (ii) a coiled tubing. 

11. The method of daim 10, wherein the liner is expandable, the method 
further comprising retrieving the drilling assembly from the wellbore, the 
method nircher compnstng using a liner expansion device on the drilling 
assembly for expanding the liner during said retrieval. 



12. 



The method of claim 10 further eomprisfng using a drlfling motor In the 
drilling assembly for rotating the driU bit. 
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